We consider a general stochastic branching process,which is relevant to earthquakes as well as to many other systems, and we study the distributions of the total number of offsprings (direct and indirect aftershocks in seismicity) and of the total number of generations before extinction. We apply our results to a branching model of triggered seismicity, the ETAS (epidemic-type aftershock sequence) model. The ETAS model assumes that each earthquake can trigger other earthquakes (''aftershocks''). An aftershock sequence results in this model from the cascade of aftershocks of each past earthquake. Due to the large fluctuations of the number of aftershocks triggered directly by any earthquake (''fertility''), there is a large variability of the total number of aftershocks from one sequence to another, for the same mainshock magnitude. We study the regime in which the distribution of fertilities l is characterized by a power law $1/l 1+c . For earthquakes we expect such a power-distribution of fertilities with c=b/a based on the Gutenberg-Richter magnitude distribution $ 10 )bm and on the increase $ 10 am of the number of aftershocks with the mainshock magnitude m. We derive the asymptotic distributions p r (r) and p g (g) of the total number r of offsprings and of the total number g of generations until extinction following a mainshock. In the regime c < 2 for which the distribution of fertilities has an infinite variance, we find p r ðrÞ $ 1=r 1þ 1 c and p g ðgÞ $ 1=g 1þ 1 cÀ1 : This should be compared with the distributions p g ðgÞ $ 1=g 1þ 1 2 p g ðgÞ obtained for standard branching processes with finite variance. These predictions are checked by numerical simulations. Our results apply directly to the ETAS model whose preferred values a=0.8-1 and b=1 puts it in the regime where the distribution of fertilities has an infinite variance. More generally, our results apply to any stochastic branching process with a power-law distribution of offsprings per mother.
Introduction
All large earthquakes are followed by an increase of seismic activity known as ''aftershocks.'' Aftershock sequences of small earthquakes are less obvious because the aftershock productivity is weaker, but can be clearly observed when stacking many sequences (HELMSTETTER, 2003) . It is thus natural to assume that each earthquake can trigger its own aftershock sequence, and that observed aftershock sequences result from the cascade of direct aftershocks (triggered directly by the mainshock) and indirect aftershocks (triggered by a previous aftershock of the mainshock). This assumption is the basis of the Epidemic Type Aftershock Sequence model (ETAS) of seismicity (HELMSTETTER and SORNETTE, 2002; KAGAN and KNOPOFF, 1981, 1987; OGATA, 1988 OGATA, , 1999 , which describes earthquake triggering as a branching process. In addition, the ETAS model includes the Omori law decay $ 1=ðt þ cÞ p of the number of direct aftershocks as a function of the time t since the mainshock,where c is a small constant and p is an exponent close to but larger than 1. Previous works on this model have shown that the ETAS model provides a better fit to aftershock sequences than a single Omori law (no secondary aftershocks) (GUO and OGATA, 1997) and that a significant fraction of aftershocks, of the order of 80%, are secondary aftershocks (FELZER et al., 2002 (FELZER et al., , 2003 . The ETAS model has been used in many studies (FELZER et al., 2002; Kagan and Knopoff, 1981) to describe or predict the spatiotemporal distribution of seismicity and reproduces many properties of real seismicity, including a renormalization of the Omori exponent from the local Omori law (direct aftershocks) to the global Omori law (observed rate of aftershocks including secondary aftershocks) (HELMSTETTER and SORNETTE, 2002; OGATA, 1999; SORNETTE and SORNETTE, 1999) , Ba˚th's law (HELMSTETTER and SORNETTE, 2003a) , a diffusion of aftershocks and realistic foreshock properties (HELMSTETTER and SORNETTE, 2003b; HELMSTETTER et al., 2003) . In this work, we present an analytical derivation of the distribution of the total number of aftershocks, summed over all generations of the cascade of aftershock triggering, and of the distribution of the total number of generations of aftershocks before extinction.
There are two well-known statistical laws that describe the scale-invariance of earthquake physics with respect to magnitudes. First, the (complementary cumulative) Gutenberg-Richter (GR) distribution of earthquake magnitudes gives the probability p m ðmÞ $ 10 Àbm ð1Þ
that an earthquake has magnitude equal to or larger than m. This magnitude distribution p m ðmÞ is not dependent on the magnitude of the triggering earthquake, i. e., a large earthquake can be triggered by a smaller one (HELMSTETTER, 2003; HELMSTETTER and SORNETTE, 2003b) . Second, the average number of aftershocks triggered directly by an earthquake of magnitude m is found to increase with m as 
